A central prerequisite to successful language comprehension is the ability to resolve referential relations. Understanding reference is therefore essential. To understand how the second sentence in (1) relates to the first, people need to decide whether 'he' refers to the fox or the rabbit.
(1) Der Hase kitzelt den Fuchs an dem Bergsee, als er gerade an etwas ganz besonders lustiges denkt (lit.: The rabbit tickles the fox at the mountain lake, when he just about something particularly funny thinks; 'The rabbit tickles the fox at the mountain lake, when he is just thinking about something particularly funny')
As the flow of information in speech unfolds fast in time, listeners are forced to make such decisions rapidly. Regardless of (abundant) ambiguity children seem to be able to create an event model of what is described in this situation and correctly interpret and produce pronouns in felicitous context already around four years of age and show adult-like overall comprehension profile across a large variety of contexts around six (e.g., Matthews, Lieven, Theakston, & Tomasello, 2009 ; for a review, Conroy, Takahashi, Lidz & Phillips, 2009 ). Furthermore, they show many adult-like preferences in online processing already at 3 years of age (e.g., Pyykkönen, Matthews, & Järvikivi, 2010) . How exactly children end up selecting the intended antecedent, and especially, how and when children learn which cues to follow given the time constraints of normal conversation is not only a challenge to current theories of reference resolution but can also shed light on the general path of how reference is acquired. Moreover, studying how the developing system deals with different sources of information during online processing might also give us insights into the adult system. On the one hand, if the use of certain cues develops very late and can thus not be observed in young children, this might be taken as an indication that these cues are less important for and perhaps less constitutive of the adult system as well. One might then predict that adults would for example rely less on these cues when under cognitive load, or that these cues could be more easily overridden by other cues than is the case for cues that appear early in development. In this vein, studies in language attrition, for example, suggest that rules that are learned late tend to be more fragile and get lost early (e.g., Kiijzer, 2007) . On the other hand, children´s behaviour might also give us insight into the function of cues that might be hard to study in the more efficient adult system. As argued by Snedeker and Trueswell (2004) , it is possible that adults react to some cues, but have become so fast in discarding them when more important cues are present that their influence can no longer be observed.
Children might be slower in weighting different cues, and this might give us a more detailed insight into what is the influence of each cue present in a given situation.
In the domain of reference, the influence of different cues in the comprehension system has been studied in particular with respect to pronoun resolution. Pronouns are a shortcut means to refer to entities that are highly active in listeners' discourse models or in listeners' focus of attention and thus easily accessible or available to be picked up as an antecedent (Gernsbacher & Hargreaves, 1988; Gernsbacher, 1990; Gundel, Hedberg, & Zacharski, 1993; Foraker & McElree, 2007 for a discussion). Processing studies have shown that adults' perception of referent salience is affected by general principles, like subjectagenthood and/or being first-mentioned in many languages (e.g., Arnold, Eisenband, Brown-Schmidt, & Trueswell, 2000; Carreiras, Gernsbacher, & Villa, 1995; Gernsbacher & Hargreaves, 1988; Gernsbacher, Hargreaves, & Beeman, 1989; Järvikivi, Van Gompel, Bertram, & Hyönä, 2005; MacWhinney, 1977; McDonald & MacWhinney, 1995; however, see Hemforth, Konieczny, Scheepers, et al., 2010 , for crosslinguistic differences). These preferences, however, can be rapidly modified and even overridden by discourse, semantic and event properties like verb causality (e.g., Kehler, 2002; Koornneef & Van Berkum, 2006; MacDonald & MacWhinney, 1995; Van Berkum, Koornneef, Otten, & Nieuwland, 2007) .
Recent visual world experiments in which children's eye movements to referents are recorded during online spoken language comprehension suggest that children may be affected by similar constraints for structural and semantic prominence of antecedents as adults. Fisher (2006, 2007) found that 2-and 3- year-olds treated pronouns as co-referential with the subject/first-mentioned referent in the prior context (cf. Arnold, Brown-Schmidt, & Trueswell, 2007; Arnold, Brown-Schmidt, Trueswell, & Fagano, 2005) . Hartshorne, Nappa and Snedeker (2010) showed that English speaking 5-year-old children resolved the pronoun he towards the first-mentioned antecedent. As in the previous studies (Song & Fisher, 2005; Hartshorne et al., 2010) , Pyykkönen, Matthews and Järvikivi (2010) found that English three-
year-old children's preference for first-mentioned subject antecedents appeared in the eye movement record only fairly late compared to adults, 1200 ms after the onset of the pronoun he in contexts such as The panda hit the parrot near the hut. Do you know what happened next? He… further showed that children's attention to the discourse referents was rapidly modulated by semantic prominence, namely, whether the subject and object arguments of the verb had more or less prototypical agent and patient properties, as with hit (highly prototypical agent-and patient-like properties) compared to tease (less prototypical agent-and non-prototypical patient-like properties). Importantly, the semantic and structural prominence interacted: Object, but not subject antecedents, were affected by agent-patient prototypicality: Children fixated more often on the objects of high (hit) than low (tease) transitive verbs suggesting that the degree to which the object would be affected by the action modulated children's pronoun resolution preferences. Finally, Sekerina, Stromswold and Hestvik (2004) showed, in an eye-movement study comparing the processing of reflexive and personal pronouns, that 4-7 (average 6;6) year old children were equally likely (~90%) to choose the sentence-internal picture showing a box behind a boy's back (and a man facing the box) with pronouns and reflexives when asked to "point to the picture where the boy has placed the box behind him/himself ". Even though the eye movements showed more fixations to this picture in the reflexive condition, the children were still considerably slower than adults in fixating the preferred antecedent. A recent study by Clackson, Felser and Clahsen (2011) showed, however, that slightly older, 6-9 year-old children were adult-like in terms of the timing of the effects, indeed also showing the preference for first-mentioned subjects rapidly about 400 ms after hearing the pronoun.
Thus, available studies suggest that young children show sensitivity to structural and semantic constraints that at least at the outset appear to be similar to adult preferences.
However, when structural and semantic effects are found in young children's (younger than 6) pronoun resolution, they usually appear much later than in adults' in the eye movement record. This observation may be related to other differences in children's and adults' processing observed in this age group.
A series of studies have investigated young children's processing of garden path sentences, e.g., cut the cake with the candle, where the initially preferred interpretation of a sentence has to be revised in the light of further incoming information (Choi & Trueswell, 2011; Kidd, Stewart, & Serratrice, 2011; Snedeker & Trueswell, 2004; Trueswell, Sekerina, Hill, & Logrip, 1999; Weighall, 2008) . These studies have shown that like adults, 5-year-old children are strongly influenced by lexical biases when processing these types of sentences.
In contrast to adults, however, children seem to be much less sensitive to the influence of the visually presented referential context and, instead, rely on linguistic information in their parsing strategies, even to the extent that they are unable to revise their initial interpretation when faced with clearly contradictory information.
The question becomes whether children are sensitive to the same constraints as adults and whether their observed inability to benefit from some cues is due to how reliable these cues are in a language or due to limitations in children's cognitive capacity. For example, children might rely solely on highly reliable cues, such as bottom-up lexical biases, while the use of less reliable cues, as the referential context, might be acquired later (Snedeker & Trueswell, 2004) . It is also possible, however, that the inability to take into account the referential context in these studies is due to a general cognitive difficulty that children might have with revising initial interpretations. This process makes it necessary to hold both the initial and the revised representation in working memory. Possibly due to their less developed capacities for cognitive control, children might have particular difficulties with this process, and a strong tendency to stick to the initial interpretation (e.g., Choi & Trueswell, 2011 ; see also Novick, Trueswell, & Thompson-Schill, 2005 for a discussion of the cognitive control constraints also with adult comprehenders). Furthermore, Pyykkönen and Järvikivi (2012) suggested that children have difficulties specifically in creating and modifying situation models on the fly. According to this account, children do in principle use the same cues as adults, but might use them less efficiently due to either cognitive limitations or inability to select the reliable cue or because of some combination of the two. This is in line with the pronoun resolution studies summarized above, as well as with other studies showing that even young children are able to correctly interpret some complex cues on the discourse level such as intonation used to indicate speech acts (Zhou, Crain & Zhan, 2012) .
Thus, the observed differences among adults and children could have multiple sources: One possibility is that, despite the apparent similarity, children could be cued (partly) by various sources of information some of which could be different from the constraints by which adults are mainly guided. That is, children might in fact have to deal with and consider more rather than less cues than adults, possibly because they have not yet figured out the importance of different cues in different situations. For example, assuming that in the case of prototypical personal subject pronouns, like German er or English he, adult resolution would first and foremost be guided by order-of-mention and/or syntactic/thematic information, i.e., finding the first-mentioned and/or grammatical agent-subject antecedent of the local or immediately preceding context; it could be that children were less clear about their preferences and therefore would be cued also by additional sources of information, for example individual verbs or agents of the event. These additional cues would then make the subject antecedent less readily available and forming the link with the subject less probable, resulting in later observable effects than in adults. In contrast to the above, however, it could be that children are sensitive to and consider the same sources of information, but might not be as efficient as adults to discard the ones that are not relevant for the task at hand. For example, children might follow subjecthood and first-mention to guide their resolution choices, but these constraints might not yet be stabilized to the extent that the preferred antecedent would be available as readily as in adults. That is, rather than considering additional cues, children would just need additional time to establish the balance between the different sources of information.
One way to advance answering this question is to investigate whether other sources of information, for example information structure devices such as focus, can modulate the subjecthood and first-mention preferences, and importantly, whether the relative impact of focus on comprehension of reference shows a similar pattern in adults and children or whether children consider focus as an additional cue leading to modified reliance of grammatical role and order-of-mention as cues compared to adults. The investigation of focus is thereby of particular relevance because compared to subjecthood or order-of-mention, its impact on pronoun resolution should arguably be much harder to acquire for children. While the antecedent of virtually every pronoun needs to fulfill a grammatical role and have a position in the sentence, not all pronouns occur in the context of explicit focusing devices like cleft structures. This is the case for it-clefts in German, which are relatively less frequent -at least in written corpora -compared to Romance languages (Dufter, 2007) . There are thus fewer occasions where children could learn about the meaning of focus devices and their impact on pronoun resolution. If they nevertheless were sensitive to this device in the same way as adults, this would provide a strong case for the idea that the child comprehension system is very similar, and that differences might be due to cognitive limitations.
In the following, we will first summarize the literature on the role of clefting in adult pronoun resolution, and then turn in more detail to the studies on child pronoun resolution conducted so far.
The role of clefting in pronoun resolution
A frequent focusing device is syntactic clefting (2): (2) Es ist der Hase, der den Fuchs kitzelt an dem Bergsee, als er gerade an etwas ganz besonders lustiges denkt (It is the rabbit who tickles the fox at the mountain lake, when he just about something particularly funny thinks).
Although there is no unified account of focus realizations and interpretations in the linguistic literature (see e.g., Dufter, 2007 , for clefting in Romance and Germanic languages; É. Kiss 1998, for a discussion on the interpretation of it-clefts in English), we can assume that clefting is usually taken as a means to express informational or contrastive focus; e.g., the rabbit in (2) can be taken as the answer to "Who is tickling the fox?" (Carpenter & Just, 1977; Chafe, 1976) . Even though there is some variability with respect to the use of cleft structures across languages, some commonalities have been advocated. Hedberg (in press) assumes a bipartition of cleft sentences with the clefted part expressing exhaustive focus (It was the rabbit (and nobody else) who tickled the fox). Following Krifka (2007) , the function of focus expressed here is that of indicating the presence of alternatives relevant for the interpretation of the linguistic expression. The cleft picks out only one of the alternatives. 1
Research has shown that such focusing can modulate adult listeners' attention to the focused entities in the event; their memory representations, and the ease of integration of that information into previous discourse (Birch, Albrecht & Myers, 2000; Almor, 1999; Foraker, 2004; Hornby, 1974; Zimmer & Engelkamp, 1981; Sturt, Sanford, Stewart & Dawydiak, 2004; Ward & Sturt, 2007; Zimmer & Engelkamp, 1981; Birch & Garnsey, 1995; Birch & Rayner, 1997; Singer, 1976) . Clefting has been shown to increase the ease of reference resolution as reflected in decreased reading times when a noun phrase refers to a clefted referent (Almor, 1999; Foraker, 2004) and the probability of successful retrieval of an antecedent (Foraker & McElree, 2007) . As comprehenders must build a mental representation of the discourse by inferring how the events described in the discourse have occurred (for situation models in language comprehension, see e.g., Zwaan, 2004; Zwaan & Madden, 2004; Zwaan & Radvansky, 1998; Barsalou, 1999) , one could expect that when two events, as in (2) above, are coordinated into one mental representation, this integration and the computation of a discourse/situation model are influenced by the prominence of the mentally represented discourse entities in the first utterance and, thus, by clefting (e.g., Gernsbacher, 1990; Pyykkönen & Järvikivi, 2012; Zwaan & Radvansky, 1998) .
While the influence of focus in adult pronoun resolution has attracted some attention, the available evidence of the function of clefting is inconclusive. Arnold (1999) found that when instructed to continue the discourse after preambles like, Ron was looking through his address book, trying to make up his mind. He had an extra ticket to the opera, but he didn't know which friend to invite. The one he decided on at last was Kysha / Fred (clefted) vs. At last he decided on Kysha / Fred (nonclefted), participants used pronoun continuations to refer mainly to subject antecedents even when the object was clefted. Cowles and colleagues, in turn, (2007) found that subjecthood facilitated participants' naming latencies over object referents in cross-modal priming, but it-clefted subjects did not have an advantage over nonclefted topical subjects, whether repeated (discourse topic) or mentioned only once (sentence topic). They suggest that even though both cleft focus and topicalization alike increased the likelihood of resolving the pronoun towards the clefted and topicalized referents, clefting did not increase the activation of the focused referent vis-à-vis topicalization. In contrast to this, Colonna, Schimke and Hemforth (2012) Greg congratulated Mike…. She found that clefted, as compared to nonclefted structures, did not increase participant's offline choices for a referent, regardless of whether the clefted referent was the subject or the object. However, the subsequent eye movement study showed marginal effects of clefting as manifested in a late interaction (1502-2000ms from pronoun onset), indicating increased fixations to focused subjects compared to other conditions. Kaiser's (2011) results suggest that contrastive focus had an effect for subjects but not for objects, possibly, as she suggests, because clefting may have enhanced the prominence of the subject antecent or because clefted subjects are more marked than clefted objects (for processing of marked structures, see e.g., Jaeger & Snider, 2008) .
Even though the evidence is not conclusive, it is safe to conclude that the effects of cleft structures in adult pronoun comprehension are confined to subject antecedents. This implies that in adults the first-mention/subjecthood principle constrains resolution to the extent that it neither leaves much room for increased availability for subjects nor is able to override the subjecthood constraint when the less salient (object) antecedent is clefted. If clefting does have an observable effect, it will be to further facilitate the referential link to the already salient (first-mentioned) subjects.
However, it is not known whether young children are sensitive to focusing and whether they would use this information in the similar manner as adult language users. In our experiments, we will ask whether the specific processes and functions attributed to clefting are already in place for young children. First, we are interested in whether children's pronoun resolution preferences are affected by cleft structures or whether they show sensitivity to these at all. Secondly, We are interested in the question of whether children at the age of four are already sensitive to focusing in a principled way, i.e., whether in children focusing affects more and less salient antecedents in terms of their grammatical roles, e.g., subjects and objects differently, as it does for adults, or whether children do not differentiate between the antecedents in the same way.
Present study
We inspected the effects of focusing on 4-year-old children's online pronoun resolution in spoken German using the Visual World eye-tracking paradigm (Arnold et al., 2000; Järvikivi et al., 2005; . Children heard mini-stories depicting two animal characters acting out familiar transitive verbs. As we were concerned that still images with transitive action, e.g., tickling, might be harder for children to imagine, we used animated video clips showing the action mentioned in the discourse. Children's eye movements were tracked time locked to the onset of the ambiguous pronoun er 'he'. We used cleft structures, fronting either the syntactically salient (subject) or non-salient (object) antecedent, which we compared to non-clefted SVO and OVS sentences, respectively (Table   1 ). In order to have a reference to the fully matured system, the experiment was administered to an adult control group as well. If focusing modulates the prominence of the entities in Es ist der Hase, der den Fuchs kitzelt 'It is the rabbit (subj), that the fox (obj) tickles', it should affect the likelihood with which this entity is chosen as the antecedent of er in als er gerade an etwas ganz besonders lustiges denkt 'when he just about something particularly funny thinks'. Earlier research on children's (ambiguous) pronoun resolution and syntactic ambiguity resolution suggest that children use the same information as adults to arrive at a preferred interpretation and any differences are due their greater inability to weigh the relative importance of the cues and/or difficulty to revise their initial syntactic parses or situation models on the fly. This account would predict that, crucially, we should observe at least a sensitivity to focusing which would interact with the grammatical role of the focused antecedent as has been observed in adults. If, however, we assume that children either do not (yet) use focus as a cue or they use also additional information, we should observe a pattern that differs from adults and that does not show the above asymmetry with focus and grammatical role.
Method

Participants
Altogether 39 
Materials
Thirty mini-stories were created, 20 for experimental and 10 for filler materials, using familiar transitive action verbs and 15 pairs of familiar depictable animal characters. Each verb and character was used twice, so that all characters had the role of subject and object across items (animal characters and verbs are listed in Appendix A). 14 of the animal pairs in were used, and the videos were animated. Because all experimental animals were required to have the same grammatical gender (masculine), one of the original pairs was replaced by a new one (Wal 'whale' -Biber 'beaver'). 2 The first sentence introduced the characters (Table 1) . The second sentence introduced the critical context clause and a location, followed by a subclause that always began with als 'when' followed by the ambiguous pronoun er 'he'. In the critical main clause either SVO or OVS word order was used, and the first-mentioned subject or object was either clefted or not. In addition, the order of the characters was counterbalanced so that the first character of the critical sentence was mentioned either first or second in the introductory sentence. The location was used in the second sentence prior to the pronoun in order to attract eye movements away of the potential antecedents before er. The last sentence/scene, which was of no interest in the experiment, mentioned/showed the subject or the object character (counterbalanced), both of the characters, or the location. The stories were read by a female German speaker in a sound treated chamber and recorded onto a computer hard disk.
--Please, insert Table 1 about Design and procedure
Children were tested individually at their Kindergarten. After a short introduction, the children were placed about 50 cm from the eye tracker screen and the experimenter sat either on their left or on their right (counterbalanced between participants). The children were first shown the characters on the computer screen one by one and asked to name them. In the rare occasion that they named the character incorrectly, they were reminded of the name. When they had seen all the animals they were told that they would be watching short videos of the animals.
Each child was presented with all 30 stories from one of the eight lists. The lists were created so that each list began with two additional practice items. Filler items were also interspersed after one, two or three experimental videos. The order of the filler items was the same on all lists, whereas the order of the 20 experimental videos was randomized for each participant within the remaining position slots. After each video a grey blank screen was shown. The next video was started when the child looked at the star at the centre of the screen.
Adult participants were tested individually in an experimental laboratory. The procedure was as above; except that the experimenter was sitting behind the participants, not next to them.
A Tobii T120 eye tracker was used. Registration was binocular with a 120 Hz sampling rate and had better than 0.5 degrees spatial accuracy.
Results
Based on the object locations, the target area coordinates for subject and object characters were identified. Based on these coordinates, we were able to identify whether participants were looking at the subject, the object or at some other part of the screen in 20 ms time segments. We then aggregated the 20 time segments into 200ms windows for analysis starting from the time window of 200 ms prior to the pronoun onset to 2000 ms after the onset. In order to inspect overall patterns in the eye movement data, statistical analyses were first carried out for the aggregated number of looks in the whole time window from 200-2000 ms after the pronoun onset using Group (children, adults), Grammatical Role (subject, object) and Focus (cleft, noncleft) as fixed-effects predictors, i.e., comparing firstmentioned focused subject and first-mentioned focused object antecedents to unfocused firstmentioned subject (in SVO) and object (in OVS) antecedents (Table 1 ). Children's data was then analysed further in three consecutive 600ms time windows in order to inspect changes in the preferences over time in more detail 3 . In Figure 2 (panels A-D), we present the effects as percentages of trials on which participants looked at the critical characters for the factors Grammatical Role (subject, object) and Focus (cleft, noncleft).
We conducted Poisson regression analyses for time segment counts using generalized linear mixed-models (lmer and Poisson family in R). Participants and items were treated as a crossed-random effect in order to accommodate by-subject and by-item variation in one model (Baayen, 2008; Barr, 2008; Jaeger, 2008) . Model comparison was done using the function anova in R. To make sure that the effects observed for the fixed-effects predictors reflect the slopes for those effects and are not due to between-subject and -item variance we further assessed the effect of by-subject and by-item random slopes for each of the fixedeffects predictors (e.g., Baayen, 2008) . Including random slopes for antecedent salience significantly benefitted the model fit for all reported models (log likelihood test using the function anova in R). The results from the models with the best fit to the data are shown in Tables 2 and 3 ; Model estimates (regression coefficients), Wald z-scores, and p-values based on z-statistics are reported for the fixed effects.
Statistical analysis
Model comparison (anova in R) showed that including interaction terms for the fixedeffects predictors significantly increased the model fit. The model with the best fit to the data is shown in Table 2 . The model showed no main effects for any of the fixed-effects predictors. However, there was a significant two-way interaction between Grammatical Role and Focus and Grammatical Role and group and a three-way interaction between Participant Group, Grammatical Role and Focus. Visual inspection of Figure 2 shows that the adult participants showed a clear preference for the subject antecedent and were little if at all affected by focusing either the subject or the object antecedent. However, Figure 2 also shows more looks to the non-cleft subject antecedent already before the pronoun onset with adults. We will return to this below. Children, on the other hand, show more varied effects: as the statistical analyses and Figure 2 suggest, children showed an effect of whether the antecedent was focused or not but, interestingly, this effect was confined to subject antecedents alone. In order to further inspect the children's data, we ran analyses for three consecutive 600ms time segments starting 200ms after the onset of the pronoun. 4 --Please, insert Table 2 about here --Child data in detail. Table 3 presents the summary of the model parameters for the models with the best fit to the data 200-800, 800-1400, and 1400-2000ms after the onset of the pronoun. The analyses showed that the children were affected by clefting in all time windows, even though the effect in the last one was only marginal. Interestingly, however, the models indeed confirmed that in the first two time windows the effect of focus was confined to subject antecedents alone: In other words, children looked more at the focused than unfocused antecedent when it was already salient in the previous discourse than when it was not. Additionally, there were more looks to the object than the subject antecedents overall in the first time window. However, as Figure 2 shows, the looks to object antecedents reach asymptote fairly early (about 400ms from the onset of the pronoun) and thus this early effect points to a general influence of raising the object antecedent in the first position that affected their attention to these referents early on rather than an effect resulting from resolving the ensuing pronoun. Unlike in adults, we found no main effects of the grammatical role of the antecedent within the first 2000ms from the pronoun onset for children. 5 --Please, insert Table 3 about here --Adult data in detail. At first sight it would seem that, unlike for children, focus did not affect adults' eye movement behaviour at all. However, Figure 2 (panel B) could be taken to suggest otherwise; namely, that the apparent baseline difference between the subject antecedents might hide the effect and focusing may have affected the rate of the increase in the looks to the subject but not to the object antecedents. We inspected this possibility statistically as follows: In order to increase granularity but at the same time avoid the problem that short time windows are more susceptible to effects due to the contingent nature of eye movements, we calculated the relative rate of change for short consecutive, time windows in 400ms steps (0-400 to 1600-2000ms) using the following formula:
t2-t1
The formula calculates the rate of change for a given condition as the difference of the proportion (P) of the baseline (t0) Focus and Grammatical Role as fixed-effects factors and participants and items as a crossedrandom factor. By-subject and by-item random slopes for the fixed-effects predictors did not have an effect on the model fit (log likelihood tests, all Χ 2 < 1) and thus p-values were estimated from t-statistics using the Markov-Chain Monte Carlo simulations with 10000 iterations in R (pvals.fnc in languageR; Baayen, 2008) .
The results showed no effect of focus in any of the time windows (ts < 1.06, ps > 0.28). The fixations to subject antecedents increased significantly more than fixations to object antecedents during the first 400 ms from the pronoun onset (0-400ms) and 1400 Estimate=0.497, t=2.01, pMCMC=0.0454; respectively) . There was an interaction in the 800-1200 time window
showing more fixations to focused than nonfocused subject antecedents (Estimate=0. 704, t=2.13, pMCMC=0.0333) . There were no significant effects in the last (1600-2000ms) window (ts < 1). In summary, if we take into account the rate of change in the eye movement data, it suggests that there may be an effect of focus for the subject antecedents but no effect for the objects, like in the child data. However, this effect was fairly fleeting, appearing only in a single (relatively late) time window.
Discussion
The current study investigated whether information structure, in particular focusing, affects young children's online resolution of reference. More precisely, we asked (i) whether linguistic focus, realized as cleft structures, would enhance antecedent salience, (ii) whether this would modulate children's online reference resolution pattern, (iii) and whether focusing, would interact with syntactic/thematic role preferences for antecedents. We furthermore wanted to know (iv) whether children's online resolution processes of these structures pattern with those of adults.
Our study provided affirmative answers to the first three of these questions and a partly negative one to the last. The results showed that both syntactic/thematic information and focusing by clefting, affected children's online pronoun resolution preferences. As in previous studies (Song & Fisher, 2006 Hartshorne et al., 2010) children preferred the subject antecedent, even though this effect appeared, again, very late for non-clefted subjects (see footnote 4; cf. Arnold et al., 2007) . More importantly, grammatical role and information structural prominence interacted: in children, focusing increased the looks to the subject antecedents, whereas it did not affect the attention to the object antecedents.
Adult data differed from the child data. Adults showed an early preference for the subject antecedents in both the focused and the non-focused conditions. Neither the timing nor the magnitude of the subject preference in adults was affected by focus in any straightforward manner. As in many of the earlier pronoun resolution studies (e.g., Cowles et al., 2007; Kaiser, 2011) , there was no clear indication that the strength of the preference would have been modulated by focus, as it was the case for children (cf. Foraker & McElree, 2007) , even though the subsequent growth rate analyses showed a late fleeting effect whereby the looks to the focused subjects increased more rapidly than looks to the nonfocused subjects (800-1200ms) relative to the respective baseline.
Apart from the clearer effect of clefting on the subject antecedents, the children differed from adults in other respects: Children's eye movement data revealed an early object preference in the first time window (200-800ms). It could be that this effect reflects the overall increased attention to the objects, because they were mentioned in the (marked) firstposition of the sentence. However, it might be that the early preference for the objects in children also reflects the nature of the object antecedents in transitive events like the present ones (Hopper & Thompson, 1980; Dowty, 1991) . showed that three-
year-old English children's pronoun resolution preferences were modified shortly after the onset of the ambiguous pronoun he by whether the verb describing the event was low or high transitive, like see vs. kick, respectively. Children looked more to the object antecedents of a high transitive than low transitive verbs starting already 700ms after they heard the pronoun, suggesting that the degree to which the object was affected by the action modulated children's attention to the characters in the event. Even though some of the verbs used in this study maybe more prototypically transitive than others, all were highly transitive typical agent-patient verbs. As in , this should increase the salience of objects and might well have contributed to the early object preference. Moreover, because animated (visual) actions were used in the present study, this may have further directed attention to the object characters and added to their salience. However, due to counter-balancing, the same verbs were used in both focused and unfocused conditions and should thus not have affected the differences between the conditions.
Adults' and children's pronoun resolution
Adult studies suggest that focus may increase the ease of reference resolution (Almor, 1999; Foraker, 2004) . This could explain the focus effect found in our child study, indicating that 4-year-old-children would be adult-like in this respect in their sentence comprehension.
However, the question remains why such an effect was not found in the adult study then.
First, this result is in line with the findings of Cowles et al. (2007) and Kaiser (2011) , neither of which found a clear effect of focused over non-focused subjects in adults, and with Arnold (1999) who did not find an effect on objects. Partly this may be, as Kaiser (2011) notes, because subject clefts are more marked than object clefts (see below) (see also Jaeger & Snider, 2008) . A further factor that might make it hard for effects of clefts to become visible in particular in the adult data, might be that the adult system is already tuned to interpreting certain pronouns as referring to the syntactically salient subject/first-mentioned entity. In other words, first-mentioned subject antecedents may already be salient and stable enough for the system to make the relevant link so quickly and efficiently that the effect of focus might not be able to appear (statistically) earlier or in a more pronounced way, even if present (e.g., Almor, 1999; Foraker, 2004; Foraker & McElree, 2007) . As German personal pronouns are strongly coreferent with the preceding subject (Bosch, Katz, & Umbach, 2007; Bouma & Hopp, 2007; Ellert, 2010) , this basic preference might not have left room for the focus effect to become visible. Also, clefting in German and in other languages has discourse functions other than focusing (e.g., Lambrecht, 2001) , is textually less frequent than in English (e.g., Fischer, 2009) , and is not the only a means of focusing in German, where focus is frequently expressed prosodically (e.g., Sauermann, Höhle, Chen, & Järvikivi, 2011) . Whether prosodic focus would have a qualitatively comparable but stronger effect in adults remains to be determined in future studies.
In pronoun resolution, 3-5-year-old children have already been shown to use morphosyntactic (gender) information (Arnold et al., 2005) and exhibit an adult-like subject/first-mention preference; though it takes them longer to show the effect (Hartshorne at al., 2010; Song & Fischer, 2005 . It is, however, not clear what the source of this delay may be. We will discuss two possible scenarios.
First, it is possible that the observed delay in the effects in children reflects a stage in acquisition where children are already sensitive to adult-like constraints, but these are not yet stabilized to a similar extent. Thus, it may be that probabilistic constraints like subjecthood in German take longer to establish than more reliable cues like grammatical gender, which children seem to pick up fairly early and which affect processing fairly rapidly (Arnold et al., 2007; Hartshorne et al., 2010) . This would assume, in line with Foraker & McElree (2007) , that the delay in the time course for these effects would reflect weaker availability and therefore decreased probability that the correct referential link is established. Hence, as children get more and more experienced with the probabilistic constraint, this link would become more stable and the effects would show up earlier in the time course of sentence processing. The observed effect of focus in children, but not in adults, is in line with this view as well. Moreover, as focus had an effect of facilitating the retrieval of subject but not object antecedents, it further suggests that the first-mention/subjecthood constraint is in place already by the age of four -even if it is not quite stabilized until possibly at the age of 6 or shortly after (Clackson et al., 2011; Conroy et al., 2009 ). However, it is still weak enough to be boosted by relevant consistent information, but nevertheless stable enough not to be overridden by cues that are inconsistent with the event as a whole (including the visual context). The early main effect for fronted objects that quickly faded after the pronoun is in line with this as well. This further shows that children, like adults, use the first-mentioned referents as the basis when building a situation model of the event, but are still less able to update the model on the fly when this is required by uncertain/conflicting information, e.g., when the first mentioned entity is not the preferred subject (see Pyykkönen & Järvikivi, 2012) .
A second possibility is that at this stage children simply use different (additional) information than adults, which could require more complex processing, whereas in adults the subjecthood principle could allow for straightforward mapping between the pronoun and the intended referent. However, neither the present nor the previous studies support this. Rather, it seems that focusing helps the children to identify the subject character and add to its perceivable salience, thus making the referential link easier to establish (Almor, 1999; Foraker, 2004; Foraker & McElree, 2007) . This suggests that children were qualitatively similar to adults by treating focus as a salience-enhancing cue for the more discourse salient antecedent. Moreover, the gender effects, preference for subjects, effects of topicalization and verb semantics in the previous literature are all qualitatively in line with adult data (e.g., Hartshorne et al., 2010; . Thus to assume a differing source of information would need an extra assumption that has no obvious support in the literature.
However, since we did not find any clear effect for focus with adults but did find one for children, it is therefore useful to consider potential explanations for this difference. First, it may be that subject clefts are relatively more marked than object clefts: raising an object to first position -cleft or not -already results in a marked constructions and the relative impact of clefting might not add to the salience of objects, unlike with cleft subjects, which are relatively more strongly marked than nonfocused first-position subjects (e.g., Kaiser, 2011; Prince, 1992) . Furthermore, assuming that clefting is a focusing device in the constructions under investigation in this paper and that subjects are generally considered as default topics, clefting is more informative for subjects than for objects. The default interpretation of the subject as the topic of the sentence needs to be retracted. This is not the case for objects.
Clefting subjects is thus more informative from a pragmatic perspective. The fact that subject clefts are more frequent than object clefts, at least in languages where they are used very consistently, confirms their higher pragmatic power (e.g., Lambrecht, 2001) . Provided that children are sensitive to the same information as adults, this asymmetry might partly underlie the focus effects on subjects but not on objects in children. It is not clear, however, that it would explain why adults do not show the effect, unless we assume that in adults the referential link to subject referents is so stable that there is no room or need for further increase of availability. Also, recent results from German and French by suggest that adults may benefit from clefting when the pronominal reference is between sentences, but not when it is within, as in our case. This raises the second possibility, namely that the children in our study may have interpreted the two clauses as separate sentences. Thirdly, maybe the children had difficulty in interpreting the relative clauses in the clefts. Recently, Brandt, Diessel and Tomasello (2008) argued that 2-5 year-old children's use of relative clause constructions in German, as in many other languages (see Kidd, 2011 for an overview), show a gradual development where they first, at two-years of age, are found in constructions that are very much like simple sentences (e.g., in topicalization) and appear in complex constructions later. Moreover, Brandt, Kidd, Lieven and Tomasello (2009) show that already 3-year-olds comprehend object and subject relative clauses equally well in a supporting discourse context and especially when the constructions are of the type that they encounter in the input, i.e., the type that they hear from adults frequently in child directed speech. It is thus unlikely that children's lack of knowledge of subordination was why there were no effects on objects, and it is unclear how this account would explain the cleft effects on subjects. In sum, all of the above point to the use of the same cues in reference resolution in adults and children the difference being in the ability to use those cues online.
Many previous studies on syntactic ambiguity resolution suggest that children around 4-5 years of age still rely mainly on bottom-up linguistic cues, such as lexical verb information, in processing these structures. In particular, children have been shown to be poorly (or not at all) sensitive to disambiguating contextual information, such as the visual environment or prosody, and unable to revise their initial representations if the contextual information is in contrast with the initial linguistic analysis (e.g., Choi & Trueswell, 2012; Kidd et al., 2011; Trueswell et al., 1999; Snedeker & Trueswell, 2004; Weighall, 2008) ; even though, 4-year-olds do seem to be able to use prosodic information (intonation) to resolve pragmatic ambiguities in an adult-like fashion (zhou et al., 2012) and use prosody to mark and understand information structure cues, like focus (e.g., Sauermann et al., 2011) . This seems to point to either the hypothesis that children can take advantage only of a subset of the cues that adults use, relying more on earlier acquired more reliable information, like verb information; or to the possibility that children do weight the same linguistic and nonlinguistic constraints, but are still limited in their cognitive skills that require control in relating the different cues or overriding (more) prominent linguistic cues in the face of conflicting information. This seems to be especially taxing with cross-domain information, whereas with within-domain cues -and with ambiguities that are based on probabilistic constraints as with pronouns -children show an adult-like profile that is quantitatively similar, albeit less clear.
However, it is worth pointing out that these two possibilities are not meant to exhaust all explanations for these observations. Thus, even if children were sensitive to all of the same cues as adults, it is entirely possible that children differ with respect to both how reliable these cues are in the input and limitations in their cognitive control in relating these cues in online comprehension. Whether it is one or the other, or both of these, that explain the observed differences in development cannot be resolved by the present study. This is an important topic for future studies that tap into this question directly.
All in all, what is evident from the current data is that neither with adults nor with children does focus change the general preferences, but as the child data suggest, might only act as an enhancing cue to locate the subject antecedent. However, despite this rather strong case for the similarity of constraints with children and adults, a word of caution may be in order: From the available evidence we cannot judge conclusively whether what adults and children react to with respect to cleft structures is based on the same mechanism: namely, it might be that adults react to the implications of focus marking at the level of information structure, whereas children may at this stage of acquisition react to the change in syntactic (or prosodic) weight in terms of extra marking for the relevant noun phrase. However, as the interaction between grammatical role shows, their reaction is nonetheless in order with adult profile, whether due to the same mechanisms or not.
In general, the study is in line with the view that children's language comprehension is subject to similar processes of building the situation model as adults' language comprehension. Pyykkönen and Järvikivi (2012) suggested that the most prominent entity forms the basis of the children's situation model in the same way as with adults, and this primary information is evaluated during the course of processing based on other cues available in the linguistic structure. In German pronoun resolution, the subject can be seen as forming the basis for this process and will thus be most affected by clefting. What might differ between the adult and child comprehenders is their cognitive ability to incrementally update the situation/discourse model: while adults have fully developed cognitive resources to do so, children are still in the course of development and therefore may show the same effects, but with a different temporal resolution. However, as we pointed out above, further research is needed to resolve whether this is indeed so.
Conclusion
The current study showed that very young children are sensitive to fine-grained information structure cues when constructing the situation/discourse model of the events. It seems that already four-year-old children are similar to adults in that they prefer to link an ambiguous personal pronoun to the subject antecedent of the preceding context. When clefted, the subject is highlighted making it easier for the children to make this link, whereas in adults the primary preference is so stable and fast that the benefit is negligible. In other words, the search for a referent is driven by primary constraints like subjecthood. Clefting has a secondary effect, enhancing this process by making it easier for the children to locate the subject. Tables   Table 1. Example of the Materials and Conditions. The column "Scene" refers to Figure 1 . 0.0004*** Note: (*) p < .1, *p ≤ .05, **p < .01, ***p < .001 Table 3 .
The models with the best fit to the data from the children in three consecutive 600ms time windows. The reference levels (intercept terms) for the fixed-effects predictors were as follows: Focus -noncleft; Grammatical Role -Object.
Note: (*) p < .1, *p ≤ .05, **p < .01, ***p < .001 
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